Porphyromonas gingivalis 381 cells were incubated with a25I-histidine-rich polypeptide (histatin) 5 in the presence or absence of unlabeled histatin 5, to evaluate the histatin-binding capacity of the cells. The binding of histatin 5 was rapid, reversible, saturable and specific. The number of histatin 5-binding sites per cell was 3600, and the dissociation constant (K d) was in the order of 10 -6 M. These findings suggest that histatin interacts with certain bacterial cells through specific binding sites on their surface, and will allow the development of a histatin radioreceptor assay.
INTRODUCTION
Many novel families of histidine-rich polypeptides (HRPs) are present in human saliva and salivary glands [1] [2] [3] . The HRPs have been shown to inhibit the growth of Candida albicans [4] [5] [6] [7] [8] [9] and Streptococcus mutans [10] in vitro. In 1988, Oppenheim et al. named HRP histatin [5] . Troxler et al. have shown that there are at least twelve histatins in human parotid secretion, and that the sequence of Lys-Phe-His-Glu-Lys-His-His-SerHis-Arg is common in various histatins (histatins 1-10) [11] .
Porphyromonas ( Bacteroides ) gingivalis is thought to be the most important etiological agent of adult periodontitis in humans [12, 13] . Previous studies have demonstrated that P. gingivalis ceils exhibit pathogenicity in vivo, and that the bacterial cells produce several virulence factors, such as proteases and hemagglutinin [14] [15] [16] . Hemagglutinating activity of P. gingivalis has been investigated as a parameter that affects the adherence of this bacterium to ceils of oral tissues [17] .
More 
MATERIALS AND METHODS

3.1.
Bacterial strains and growth condition P. gingicalis 381 was supplied from the Research Laboratory of Oral Biology, Sunstar Inc., Osaka, Japan. The bacterial cells were grown as described previously [14] . They were centrifuged at 10000×g for 20 min at 4°C, washed three times with 10 mM phosphate-buffered saline (PBS), pH 7.0, suspended in PBS, and then used for the binding assay. Cell numbers were determined using a Biirker-Tfirk chamber, and the cell density was adjusted appropriately.
Synthesis of histatin 5
Histatin 5, Asp-Ser-His-Ala-Lys-Arg-His-HisGly-Tyr-Lys-Arg-Lys-Phe-His-Glu-Lys-His-HisSer-His-Arg-Gly-Tyr, was synthesized by the Boc-amino acid anhydride method using a peptide synthesizer 430 A (Applied Biosystems Inc., Foster, CA).
lodination of histatin 5
Histatin 5 was iodinated by the chloramine-T method [19] . The peptide (100 p.g) was incubated with 160 ~Ci of Na125I (ICN Radiochemicals, Irvine, CA) and 2.5 p,g of chloramine-T for 30 s at room temperature in 25 p.1 of 50 mM sodium phosphate buffer, pH 7.4. The reaction was stopped by the addition of sodium metabisulfite (10 #g in 10 p.1 of 50 mM sodium phosphate buffer, pH 7.4) and NaI (10 /~g in 10 /~1 of distilled water).
~25I-histatin 5 was purified by chromatography on a column (0.1 ml bed volume) of Heparin-Sepharose CL-6B (Pharmacia, Uppsala, Sweden). The column was washed with 20 ml of 10 mM Tris-HC1 buffer, pH 7.0. The labeled histatin was eluted from the column with 10 mM Tris. HC1 buffer, pH 7.0, containing 1.5 M NaCI. The specific activity of the labeled histatin was 1.8 mCi/gmol.
Binding of histatin 5
Binding assay was performed in 1.5-ml polypropylene microcentrifuge tubes coated with silicone to reduce the nonspecific binding of histatin. Bacterial cells (6 × 107-1 x 101° cells/tube) and ~25I-histatin 5 (2.5 × 10-~2-2.9 x 10 m mol/tube) were incubated at 4°C with various concentrations of unlabeled histatin 5 in 100 ~zl of PBS. After 5-120 min, cells were washed twice with PBS, and once with 10 mM sodium phosphate buffer (pH 7.0) containing 0.5 M NaCI. The radioactivity associated with pelleted bacteria was quantitated in a gamma counter (LKB WAL-LAC, Sweden). 
RESULTS AND DISCUSSION
Time course of binding
Competitive binding
Bacterial cells were incubated for 2 h with ~25I-histatin 5 in the presence of increasing concentrations of unlabeled histatin 5. The addition of unlabeled histatin 5 decreased the binding of 12SI-histatin 5 to the cells dose-dependently (Fig.  2) . On the other hand, bovine serum albumin (1-5 mg/ml) had no effect on the binding of histatin 5 to P. gingit~alis 381 cells (data not shown).
Binding of histatin 5 to P. gingiualis as a function of the cell number
The cells (6 × 107-1 x 10 l° cells/tube) were incubated for 120 rain with nSI-histatin 5 in the presence or absence of excess, unlabeled histatin 5. Specific binding of ~25I-histatin 5 to bacterial cells increased with the increase in the cell number, and levelled off at 3 × 10 9 cells/tube (Fig.  3) . increasing concentrations of 125I-histatin 5 for 120 rain in the presence or absence of excess, unlabeled histatin 5. With the increase in the concentrations of lzsI-histatin 5, the binding of 125I-histatin 5 to the cells increased, and reached a maximum at 1.3 × 10-10 tool of ~zsI-histatin/tube (Fig. 4) . Scatchard analysis (Fig. 4, inset ) of this binding data gave a linear plot and revealed the dissociation constant of 1.5 × 10 -6 M for the specific binding. This suggests that a single binding site is involved in the interaction between P. gingiualis 381 and histatin 5. The number of specific histatin 5-binding sites per cell was 3.6 x 103.
Saturation curLre and Scatchard analysis
~25I-histatin 5 was as effective as unlabeled histatin 5 in inhibiting the hemagglutinating activity of P. gingiualis 381 (data not shown). This suggests that the labeled histatin maintains its biological activity after the treatment with chloramine-T. In the present study, the binding assay was performed at 4°C to minimize internalization, decay, recycling of ligand and its receptor, and to suppress the bacterial metabolism and avoid as 
